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ABSTRACT

Effects of Mid-Gestation Nutrition Restriction on Carcass Measurements and Meat
Quality of Resultant Offspring
by
Shelby M. Quarnberg, Master of Science
Utah State University, 2019

Major Professors: Dr. Jerrad F. Legako and Dr. Kara J. Thornton
Department: Nutrition, Dietetics, and Food Sciences
Angus influenced calves’ (N = 34) from cows who were allocated into either a
restricted (n = 18) or maintenance (n = 16) group were used to investigate potential
impacts of mid-gestation nutrient restriction which might be occurring in the
Intermountain West, on offspring finishing feedlot performance and meat quality. Calves’
were individually housed and fed a finishing ration of 76% barley dry matter
concentration ad libitum. Loins of each carcass were wet-aged for 14 days postmortem,
frozen and fabricated into individually vacuum-packed steaks for meat quality analysis.
There was no difference in measurements of feedlot performance, carcass yield and
quality, Warner-Bratzler Shear Force values, steak composition analysis, Hunter Lab
color values, and 10/12 sensory beef attributes using a 15-point numerical scale (P ≥
0.10). Restricted steaks were perceived as more tender (P = 0.05) by a trained sensory
panel. Overall, nutrient restriction during mid-gestation had no detrimental effect on
feedlot performance, carcass characteristics, and meat quality measurements of offspring.
(55 pages)
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PUBLIC ABSTRACT

Effects of Mid-Gestation Nutrition Restriction on Carcass Measurements and Meat
Quality of Resultant Offspring
Shelby M. Quarnberg

The goal of this study was to investigate feedlot performance and meat quality of
calves born to cows that underwent a nutrient restriction during the second trimester of
gestation which may be occurring in the Intermountain West. Thirty-four angus
influenced calves from the same sire were used for this study. The calves were born from
cows that were separated into either a maintenance group, and kept on an irrigated
pasture, or a restricted group, that was placed on an unirrigated pasture and allowed to
lose one body condition score during the second trimester of pregnancy. This study
begins with the calves on day 85 of the finishing portion of the feedlot phase. During the
finishing feedlot phase, calves were individually housed, fed ad libitum, and feedlot
performance measurements were taken every 28 days. Carcasses from the calves were
evaluated for yield and quality. A loin from each carcass was collected, aged, frozen, and
cut into individually packaged steaks that were used to assess meat quality. There was no
difference in feedlot performance and carcass measurements for either maintenance and
restricted calves. Meat quality measurements revealed no difference in color,
instrumental tenderness values, or composition of steaks from either group. A trained
sensory panel found that ten characteristics of flavor were similar for both treatments.
There was however, a trend for steaks from nutrient restricted cattle to have more of a
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bloody/serumy flavor. The trained sensory panel also found that there was a difference in
tenderness of steaks from nutrient restricted animals being perceived as more tender than
animals from maintenance cows. The results of this study demonstrate that nutrient
restriction during mid-gestation does not have negative effects on feedlot performance,
carcass characteristics, or meat quality measurements. These results also indicate that
steaks from calves born to nutrient restricted cows may be perceived as more tender.
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INTRODUCTION

In certain areas of the U.S., such as the Intermountain West, pasture-fed cows may
experience nutrient restriction due to fluctuations in forage quality and availability caused
by drought, climate change, and time of the year (Du et al., 2015; Mohrhauser et al.,
2015b). These fluctuations in nutrient availability result in a nutrient intake reduction for
pregnant beef cows during various stages of gestation, potentially impacting the
development and growth of the offspring (Du et al., 2013; Vavra et al., 1976). Nutrient
restriction during critical periods of gestation has the potential to change energy
partitioning, thereby leading to altered composition and deposition of skeletal muscle and
adipose within the offspring (Du et al., 2015; Bispham et al., 2005; Edwards et al., 2005)
These alterations may influence body composition long-term and possibly enhance the
quality of the resulting carcass (Mohrhauser et al., 2015a; Mohrhauser et al., 2015b).
However, there are concerns that restricting the diet of animals during gestation
could result in weak offspring that have low birth weights, decreased health, slower
growth rate, and poor feed efficiency (Zhu et al., 2006; Zambrano et al., 2005; Stannard
et al., 2004). Recently, several studies have shown that a nutritional restriction during
mid-gestation does not result in negative impacts on offspring feedlot performance and
may have the potential for positive effects on carcass quality (Gardner et al., 2016;
Mohrhauser et al., 2015a; Mohrhauser et al., 2015b;). Thus, the aim of this study is to
investigate the impacts of mid-gestation nutrient restriction on late feedlot performance
and meat quality of the subsequent offspring.
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HYPOTHESIS

Nutrient restriction during the second trimester of cattle gestation does not impact
feedlot finishing performance, carcass traits, meat quality, or steak composition of the
offspring.

OBJECTIVES

Determine whether maternal nutrient restriction during the second trimester impacts calf
performance during the finishing stage of the feedlot, carcass yield or quality grade, or
meat quality of steaks when comparing calves from both maintenance and restricted
cows.
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LITERATURE REVIEW

Introduction

Throughout gestation, a dam may encounter fluctuations in her nutrition that
influence fetal development that can persist throughout postnatal growth (Du et al., 2017;
Mulliniks et al., 2016; Mohrhauser et al., 2015a; Mohrhauser et al., 2015b; Du et al.,
2010; Ramsay et al., 2002; Barker et al., 1995). Early research proposed that the fetus had
precedence for nutrients over the dams’ own requirements during times of
insufficiencies; recent research has revealed that the fetus can be impacted by changes in
maternal nutrition (Du et al., 2017; Mohrhauser et al., 2015a; Mohrhauser et al., 2015b;
Long et al., 2012; Du et al., 2010; Vonnahme et al.,2007; Vonnahme et al., 2003;
Hammond et al., 1943). This response to fluctuations in nutrition during gestation allows
for calves to have plasticity during early development and react to cues from the
environment to alter their phenotype (Kenyon and Blair et al., 2014; Godfrey and Baker
et al., 2000). This phenomenon has been described by the term “fetal programming,”
which is defined as an alteration to maternal nutrition during gestation at a sensitive or
critical period of development which may have both short and long-term effects on
offspring growth and development both in utero and after birth (Yan et al., 2013; Du et
al., 2010; Long et al., 2009; Ford et al., 2007; Zhu et al., 2006; McGrady et al., 2006; Zhu
et al., 2004; Godfrey and Baker 2000; Reynolds and Redmer 1995; Lucas 1991).
The concept of fetal programming was originally studied in humans following the
Dutch potato famine of 1944-1945. Under nourishment of pregnant mothers resulted in a
developmental adaptation where their children developed a “thrifty” body type resulting
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in an altered metabolism enabling them to be better adapted to poor nutrient availability
post-birth (Kyle and Pichard, 2006; Godfrey and Barker, 2000, 1995). A thrifty body type
is advantageous during food shortage, but it can be detrimental to health when the plane
of nutrition is adequate (Kyle and Pichard, 2006; Godfrey and Barker, 2000, 1995).
Illnesses such as obesity, metabolic disease syndrome, diabetes, hypertension, endocrine
disruptions, and cardiovascular disease have all been linked to adults who were born
during periods of famine (Kyle and Pichard, 2006; Godfrey and Barker, 2000, 1995).
Interestingly, the stage of fetal development during which maternal undernutrition occurs
is thought to impact the adulthood diseases that may later develop (Roseboom et al.,
2000; Ravelli et al., 1999, 1998). The potential for offspring to have varying outcomes
depends on the time point of gestation that is manipulated. Famine during early stages of
pregnancy for humans showed an increased risk of obesity and coronary heart disease,
whereas restriction during later stages were associated with decreased glucose tolerance
(Roseboom et al., 2000; Ravelli et al., 1999, 1998). In humans, nutrient restriction during
gestation has negative implications on health. However, in production animals there is
potential for benefits through altered growth rate, feed efficiency, and improved carcass
quality relating to muscle and fat deposition. Alternatively, there is the potential for
deleterious effects whenever the plane of nutrition is manipulated during gestation. More
research is needed to sort out the contradicting results and to fully understand the
implications of maternal nutrition on calf performance.
Fetal Programming
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Skeletal muscle and adipose development begin in utero and are of paramount
importance in the beef industry as they directly contribute to the quantity and quality of
the product that is produced (Greenwood et al., 2000; Cossu and Borello, 1999; Glore
and Layman, 1983). Prenatally, mesenchymal stem cells can differentiate into several
different lineages including muscle, fat, connective tissue, and bone; components which
are important to the meat industry (Du et al., 2011a). Mesenchymal stem cell
differentitation is competitively regulated by intracellular signalling pathways, such as
the Wnt/β-catenin pathway (Du et al., 2013; Bonnet et al., 2010). Activation of the
Wnt/β-catenin pathway causes an increase in β-catenin which pushes mesenchymal stem
cells towards myogenesis, the formation of skeletal muscle (Du et al., 2013; Du et al.,
2011a). When the Wnt/β-catenin pathway is downregulated, such as is the case in dams
with a decresed plane of nutrition, adipogenesis is promoted (Du et al., 2010; Bispham et
al., 2003).
Myogenesis occurs during fetal growth in two stages of muscle fiber development
(Du et al., 2013; Beermann et al., 1978). The first stage of myogenesis for the bovine
fetus occurs within the first 21 days to two months of gestation, a period termed
embryonic or early fetal development (Robelin 1991; Russell & Oteruelo, 1981), and is
where primary myofibers devlop to serve as sacffolding for further myogenic structure
formation (Du et al., 2010; Swatland et al., 1973). The second wave of myogenesis is
where the majority of muscle cells and structure are devloped which occurs during midgestation and can continue until shortly after birth (Du et al., 2010; Fève 2005; Russell &
Oteruelo, 1981). Previous research postulates that due to the main development of muscle
structure and overall mass, the second trimester of gestation is the most important period
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for muscle development (Du et al., 2015; Du et al., 2013; Du et al., 2011a; Du et al.,
2010; Zhu et al., 2004).
Skeletal muscle mass increases through two different mechanisms, hyperplasia
(increase in cell number) or hypertrophy (increase in cell size). In mammals, hyperplasia
of skeletal muscle only occurs prenatally and ceases prior to or shortly after birth, while
postnatal muscle growth occurs exclusively through hypertrophy (Du et al., 2013; Du and
Dodson, 2011b; Du et al., 2010; Zhu et al., 2006; Zhu et al., 2004; Brameld et al., 2000;
Stickland et al., 1978). As such, changes in the maternal plane of nutrition can have a
large influence on muscle fiber number of resulting offspring (Beermann et al., 1978).
Conversely, Du (2010) restricted nutrition in sheep during late-gestation and observed a
reduction in muscle fiber size, but not number, in subsequent offspring. Thus, the effects
of maternal nutrition on offspring muscle number and size is still uncertain and warrants
further research.
Unlike myogenesis, adipogenesis and fibrogenesis occur throughout the lifetime
of most mammalian species (Duarte et al., 2013). Research conducted in high marbling
Wagyu cattle by Duarte (2013) found that total fat deposition and collagen content were
higher than that of Angus cattle; which supports the theory that adipogenesis and
fibrogenesis both begin from a common cell lineage and their development is
inseparable, ongoing, and positively correlated. However, Long (2012) found opposing
results such that when the pathway is driven towards fat accumulation, there is less
connective tissue. Further research into the manipulation of mesenchymal stem cell
differentitation into adipogenic or fibrogenic lineages is needed to determine the
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association between quantity of adipose versus the amount of connective tissue in a
heavily marbled carcass.
In cattle, adipogenesis begins during the last five months of gestation and
continues postnatally as a lifelong process (Du et al., 2010; Fève et al., 2005; Zhu et al.,
2004; Russell and Oteruelo et al., 1981) which is affected by nutritional intake during
fetal, postnatal, and post weaning stages of life (Mohrhauser et al., 2015b; Du et al.,
2013; Long et al., 2012). Adipogenesis, specifically adipogenic commitment, overlaps
secondary myogenesis and is where maternal nutrition between late-gestation and early
weaning can affect adipocyte hyperplasia, development, density and ultimately, marbling
(Du et al., 2013; Gupta et al., 2012; Gupta et al., 2010; Vernochet et al., 2009; Farmer,
2006; Rosen and MacDougald, 2006; Spiegelman and Flier, 1996).
Adipose is typically deposited in the following order: visceral, subcutaneous,
intermuscular, and intramuscular fat (Du et al., 2013; Bonnet et al., 2010). Adipocytes
developing within the skeletal muscle form sites for intramuscular fat accumulation that
later develop into marbling within meat (Uezumi et al., 2011; Du et al., 2010; Joe et al.,
2010; Uezumi et al., 2010; Tong et al., 2009). Altering the maternal plane of nutrition has
been shown to influence the number of adipocytes during the finishing phase of the
feedlot (Du et al., 2015; Du et al., 2013). Mohrhauser (2015b) found that there was a shift
in the amount of fat depots deposited in calves born to cows that had a nutrient restriction
during mid-gestation. Mohrhauser (2015b) findings elude to the potential to alter fat
deposition in utero toward a more favorable fat depot, such as marbling, that could persist
throughout life.
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Feedlot Phase

The main goal of the feedlot is to grow cattle as quickly as possible while
increasing cattle performance, turnover and profitability (Muir et al., 1998).
Understanding the impact that dam nutrition has on calf production performance is of
great significance to the beef industry in an attempt to minimize expenses, such as feed
and waste, and maximize profits from growth and efficiency. Over the past 30 years, the
cost of raising beef cattle has increased, and feed is one of the largest single expenses
associated with raising beef cattle (Hamilton, 2010; Johnson et al., 2003; Arthur et al.,
2001). The National Cattlemen’s Beef Association is also concerned with the
inconsistencies in end-product quality (NCBA 2001).
For calving systems in the Western states and other regions of the US, maternal
nutrient restriction may inadvertently be occurring due to different weather events,
seasonal changes, and drought that effect feed forage quality and availability for dams at
a time when nutritional requirements are the greatest (Du et al., 2013, 2010; Olson, 2005;
Schoonmaker et al., 2003; Jensen et al., 2002; Enk et al., 2001; DelCurto et al., 2000;
Thomas and Kott 1995; Vavra and Raleigh, 1976). Spring calving cows in the northern
great plains also experience a period of nutrient restriction at a time that often
corresponds to the first one-half to two-thirds of gestation; a critical period in muscle and
fat deposition (Mohrhauser et al., 2015a,b; Du et al., 2010; Olson, 2005; DelCurto et al.,
2000; Russell and Oteruelo, 1981). Ford (2007) found that sheep with a severe (50%)
maternal nutrient restriction during early and mid-gestation resulted in increased
postnatal growth of offspring compared to their normal fed counterparts. Gardner (2016)
and Taylor (2016) found no differences in calves’ birthweights or feedlot performance of
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cattle following mid-gestation nutrient restriction demonstrating that a reduction in
maternal nutrition during mid-gestation may not have negative effects on production.
Many studies indicate that maternal nutrient restriction could decrease the amount
of feed at certain stages in the production cycle without having any deleterious effects on
productivity (Mohrhauser et al., 2015a; Robinson et al., 2013; Funston et al., 2012; Caton
and Hess, 2010; Du et al., 2010; Wu et al., 2006). While there is potential to produce
more efficient offspring by improving marbling and reducing subcutaneous fat thickness
ratios relative to lean muscle during prenatal development (Mohrhauser et al., 2015b;
Gonzalez-Bulnes et al., 2012; Zhu et al., 2006); it is important to ensure that restricting
nutrition during gestation does not negatively impact production of the dam or her
offspring.
Some literature suggests that nutrient restriction at any period of gestation may
have adverse effects on calf health and productivity (Bell et al., 2016). Such as the study
conducted by Greenwood (2005) which found that early maternal nutrient restriction
great enough to cause a 26% reduction in birth weights, reduced the ability for
compensatory growth and overall growth potential of offspring, and resulted in smaller
slow growing animals at any time point of life. Additional studies indicate that maternal
nutrition restrictions in late-gestation resulted in offspring that are susceptible to a variety
of neonatal health issues correlating to a decrease in body weight and early growth
performance (Funston et al., 2010; Wittum et al., 1994). While other studies postulated
that early to mid-gestational nutrient restrictions, or less severe restrictions, had little
direct impact on offspring growth and live weight post-weaning due to the plastic nature
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of tissues safeguarding that there are no long-term adverse effects (Kenyon and Blair et
al., 2014; Greenwood et al., 2010; Greenwood and Thompson et al., 2007).
Discrepancies observed in the literature are likely due to severity and timing of
nutrient restriction during gestation, as well as the type and extent of nutrient
modification, the species, breed, offspring gender, and age of the dam during gestation
(Mohrhauser et al., 2015b; Long et al., 2012; Micke et al., 2010; Hennessy et al., 2002).
Alterations in maternal nutrition during either the first or last trimesters of gestation have
thus far, provided inconsistent results relative to the effect on the offspring. This
information combined with our knowledge of the important relationship between skeletal
muscle and adipose development during this period demonstrates that mid-gestation may
be a promising time point for maternal nutrient restriction targeted at impacting meat
production.
Carcass Measurements

Carcass yield grade is an estimate of the amount of boneless, closely trimmed
retail cuts that can be taken from a carcass (Hale et al., 2013). A carcass is composed of
muscle (lean), bone, connective tissue, and various fat depots. Cattle that have one inch
of backfat are projected to have a USDA yield grade of 4.5, reflecting low retail yield and
considerable waste for the beef industry (AMSA, 2001; Brethour et al., 2000). A change
of one value on the 1-5 scale of yield grade in either direction correlates with a 3.4%
change in retail products of a carcass (Dikeman et al., 1998), demonstrating the
importance a better yielding carcass has for the industry. A low numerical value yield
grade carcass helps to lower costs for consumers and the industry by producing large
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amounts of muscle with low quantities of undesirable fat depots such as backfat and
kidney, pelvic, and heart (KPH) fat (Bass et al., 2016). Studies by Mohrhauser (2015a,b)
found promising results of improved USDA yield grade with no differences in HCW,
dressing percent, or KPH from carcasses of calves whose dams experienced nutrient
restriction during mid-gestation. However, Greenwood (2009) and Underwood (2010)
each found that offspring from nutrient restricted cows during mid to late-gestation had a
decrease in both hot carcass weight and retail yield.
Long (2012) found carcasses of calves from dams that underwent nutrient
restriction during mid-gestation, had a decrease in muscle mass and an increase in
adipocyte size. Research using sheep found that ewes nutrient restricted during various
stages of gestation had an increase in numerous fat depots such as undesirable KPH fat
(Ford et al., 2007; Zhu et al., 2006; Bispham et al., 2005; Edwards 2005). The relative
increase in overall fat deposition of offspring from nutrient restricted dams is thought to
be due to a reduction in muscle mass that lessens the consumption of nutrients by muscle
and allows for excess energy to be shunted to adipose development (Du et al., 2013;
Long et al., 2012; Ford et al., 2007). With the main product of the beef industry being
skeletal muscle, a large reduction in this tissue is undesirable. A study conducted by Zhu
(2006) found that mid-gestation nutrient restriction in sheep increased fat deposition
without significantly altering lean muscle mass, indicating a potential to increase quality
without diminishing the product of lean muscle.
The industry must balance increasing yield without significantly decreasing
carcass quality. In the beef industry deposition of intramuscular fat, or marbling, is of
great importance as it directly relates to the economic value of the carcass by determining
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quality grade, and ultimately the eating experience of the consumer (Emerson et al.,
2013; O’Quinn et al., 2012; Garmyn et al., 2011; Lorenzen et al., 2003; Savell et al.,
1987; Smith et al., 1983; Stickland 1978; Marchello and Dryden, 1968). Quality grade,
which is based on the predicted palatability and eating experience of beef from a young
carcass, has rankings from USDA Prime to Select, with Prime being the highest grade
(USDA 1997). Over the past 10 years, the beef industry has increased the number of
Choice and Prime carcasses as compared to Select (Tatum et al., 2015). The improvement
in quality grade may be due in part to producers receiving a premium for higher quality
carcasses (Tatum et al., 2015). As well as in response to the 2005 National Beef Quality
Audit (NBQA) which stated that marbling was the number one challenge of the industry
(NBQA 2005). With such an emphasis on producing a high-quality meat product and the
great potential for intramuscular fat deposition, nutrient restriction is a peak area of
interest for meat science.
Meat Quality
Meat quality can be assessed using factors such as color, the content of nutrients,
tenderness, and sensory analysis. The color of meat is a large factor in consumer selection
and shelf life (AMSA et al., 2012). The color of meat may be measured instrumentally
and expressed as Hunter Lab values, which quantify the range of light to darkness (L*),
red to green (a*), and blue to yellow (b*) (AMSA et al., 2012). Mohrhauser (2015b)
found no differences in L*, a*, or b* values of steaks from calves whose dam
experienced a mid-gestation nutrient restriction, little data exists analyzing the effects of
maternal nutrition on offspring meat color.
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Chemical analysis is used to determine the composition of meat; as protein, fat,
collagen, and moisture. These different macromolecules influence meat quality, juiciness,
flavor, and tenderness. There is little data on the effects of fetal programing in the
literature specifically looking at steak composition analysis. Mohrhauser (2015a) found
no difference in percent protein, fat, or moisture of muscle when comparing offspring
from dams that had a mid-gestational nutrient restriction. However, Mohrhauser (2015a)
did find that nutrient restricted calves had a lower total collagen content then their nonrestricted counterparts suggesting that mid-gestational maternal nutrient restriction may
influence collagen content within skeletal muscle which is a key factor in meat
tenderness.
Warner-Bratzler shear force (WBSF) is an instrumental measure of tenderness,
with lower shear values indicative of a more tender product supported by sensory
analysis (Chriki et al., 2012). Some factors that affect tenderness of meat are composition
of fat, collagen, moisture, and the microstructure of muscle such as size and type of
muscle fibers (Radunz 2009). Emerson (2013) and Nelson (2004) each found that
increased marbling resulted in lower WBSF values of meat. Corbin (2015) found that
when WBSF values are held constant, there is an increase in the percieved sensory
tenderness of meat with increased marbling. This percieved tenderness could be due to
the fact that fat is less dense and easier to bite through or that fat coats the mouth
increasing perceived juciness, desirability, flavor, and consumer acceptability (Corbin et
al., 2015; Legako et al., 2015; Webb et al., 2015; Hunt et al., 2014; O’Quinn et al., 2012;
Warris, 2010; Behrends et al., 2005; Killinger et al., 2004a; Wood, 1995; Savell and
Cross, 1988; Smith and Carpenter, 1974). Collagen content also affects meat tenderness,
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with a greater amount of total collagen correlating to tougher meat (Chriki et al., 2012;
Mandell et al., 1997; McKeith et al., 1985). Mohrhauser (2015a, b) found no differences
in WBSF values from steers whose dams were nutrient restricted during mid-gestation at
various aging period of steaks, except those which were aged for 21-days which had a
reduction in WBSF values. Underwood (2010) reported that offspring from nutrient
restricted dams had greater WBSF values after 14 days of aging. The difference in the
two studies may be due to differences in the type of nutrient restriction (energy vs
protein) and the sample size of each experiment. Both studies indicate there is a lasting
effect of maternal nutrient restriction on beef offspring instrumental tenderness. More
research needs to be done to determine if the effect is positive or negative.
A fundamental part of meat quality is how the final product tastes and the overall
eating experience of the consumers. Meat scientists can use sensory analysis as a way to
measure attributes that impact the eating experience of the final product. Palatability is a
universal measure of overall eating experience defined by three intertwind components of
flavor, tenderness, and juiciness (AMSA, 2016). Tenderness is one of the three legs of
palatability with some stating that tenderness is one of the most important factors
affecting beef palatability (Miller et al., 2001; Miller et al., 1995; Dikeman, 1987; Savell
et al., 1987). However, other studies show that flavor is equally important, with some
arguing it is more important than tenderness based on evidence showing that small
changes in flavor resulted in a large change in overall consumer acceptance and
palatability (Platter et al., 2003; Neely et al., 1998). Killinger (2004b) found that while
flavor was more correlated (r = 0.83) towards overall acceptability, both juiciness (r =
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0.76) and tenderness (r = 0.78) values are also important to consumer satisfaction
solidifying that each one of the three factors of palatability are important.
Many studies confirm that marbling is an important contributor to beef
palatability (tenderness, juiciness, and flavor) and increasing marbling increases beef
quality and palatability (specifically flavor) (Webb et al., 2015; Hunt et al., 2014;
O’Quinn et al., 2012; Garmyn et al., 2011; Behrends et al., 2005; Killinger et al., 2004a;
Lorenzen et al., 2003, 1999; Savell et al., 1987; Smith et al., 1985; McBee and Wiles,
1967;). A study conducted by Emerson (2013) found that increased marbling has a
positive effect on desirable sensory attributes (beef flavor r = 0.84, juiciness r = 0.67,
tenderness r = 0.63, and umami r = 0.57), and overall eating experience satisfaction (r =
0.78).
Legako (2015) identified significant differences in consumer flavor acceptability
of beef with modest/moderate marbling as compared to small marbling, with the higher
marbled cuts having higher values for consumer acceptability. Research also
demonstrates that increased marbling was associated with greater intensity of positive
descriptors of flavor such as buttery and beefy, while decreasing negative attributes such
as bloody and livery (O’Quinn et al., 2012). As such, intramuscular fat is fundamentally
important to the development of the beef flavor profile preferred by today’s consumers
and finding ways to improve marbling is of great importance for the beef industry
(O’Quinn et al., 2016). While there has been research on the effects of fetal programming
and meat quality traits such as shear force, steak composition, and color, very little
research has been conducted on the sensory attributes of meat from cattle whose dam
experienced a nutrient restriction during gestation.
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MATERIALS AND METHODS
Fetal Programming and Grower Feedlot Phase

All animal care and usage protocols were approved by the Utah State University
institutional animal care and use committee (IACUC #2373). Management of cows and
calves from conception through the early feedlot stage are described in Gardner (2016).
Briefly, cows (N = 34) were naturally bred to one purebred Angus herd sire and were
housed together until the second trimester where they were sorted into two treatment
groups: restricted (n = 18) or maintenance (n = 16). There was no difference in initial
weights (P = 0.80) or body condition scores (BCS) (P = 0.72) between the two groups.
The maintenance group was kept on a larger irrigated pasture (2,309 kg/ha, dry matter
(DM)), while the restricted group was kept on a smaller unirrigated pasture with lower
biomass (1,662 kg/ha, DM) and allowed to lose one BCS. Following the insult period,
cows were comingled and fed at maintenance. By the end of the third trimester, there was
no difference (P > 0.05) in body weight or BCS between the groups.
Calves were weaned around 206 days of age and processed using conventional
intermountain methods. Prior to the feedlot phase, calves were group housed and fed a
background diet for approximately 7 weeks. The calves were then placed in individual
pens and fed a grower ration (Table 1) ad libitum summarized in Gardner et al. (2016).
Individual intakes were recorded daily using the clean bunk feeding system (Pritchard et
al., 1962).
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Table 1. Nutrient analysis of calves feedlot grower ration Gardner et al. (2016).

Item
Moisture, %
Dry matter, %
Crude protein, %
Acid detergent fiber, %
Neutral detergent fiber, %
Total digestible nutrients, %

Grower ration1
Wet matter basis Dry matter basis
43.22
0.00
56.78
100.00
7.38
13.00
10.74
18.92
21.81
38.41
42.04
74.04

Minerals
Calcium, %
0.32
0.56
Phosphorus, %
0.18
0.32
Potassium, %
0.78
1.38
Magnesium, %
0.10
0.17
1
Grower ration was fed to calves for an 84 day “grower” period and consisted of
approximately 43% corn silage, 27% barley concentrate, 27% alfalfa hay, and
3% vitamin and mineral premix on dry matter basis. (Gardner et al., 2016)
Finishing Feedlot Phase

The current experiment began with the finishing feedlot phase which started on
day 85 where the concentrate in the grower ration increased by approximately 10% every
week until the final ration of 76.8% barley, 17.3% alfalfa, 2.8% corn silage, and 3%
mineral vitamin premix based on DM was reached for the finishing phase of the feedlot.
The calves’ average weight was 377 kg at day 85. The calves were managed in the same
manner as the grower phase, housed in individual pens in the same barns and fed ad
libitum using the clean bunk system described above.
The calves’ weights continued to be collected at 28-day intervals until a desired
average backfat thickness of 7.0 mm and an average weight of 500 kg was reached, and
then cattle were sent to harvest. Measurements of average daily gain, feed intake, feed
efficiency, and body weights, were taken.
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Harvesting/ Carcass Measurements

The day prior to harvest, cattle were weighed and pulled off feed with free access
to water. Cattle were harvested at the JBS Hyrum, UT facility under the established
humane slaughter act and USDA-FSIS beef harvesting protocols. Twenty-four hours post
mortem the carcasses were graded by USDA meat quality graders as well as an
instrumental grading camera (E+V Technology GmbH& Co.KG; VBG2000;
Oranienburg, Germany) to determine yield and quality grade. Measurements taken from
both the camera and by USU meat science faculty consisted of hot carcass weight,
%KPH fat, backfat and adjusted backfat, ribeye area, marbling score, yield, and quality
grade. Using equations described in Mohrhauser (2015a) marbling to backfat ratio of
each carcass was determined.
Meat Quality
Preparation
The left strip loin of each carcass was retained for meat quality analysis. Strip
loins were vacuum packaged and allowed to wet age for 14 days postmortem at
refrigeration temperatures (4°C). After the aging period loins were frozen whole at -20°C
and stored prior to being fabricated into steaks. Frozen subprimal loins were cut using a
ban saw (Butcher boy; American meat equipment, LLC; Model # SA-16; Selmer, TN)
into 2.5 cm thick steaks which were then placed into individual vacuum packaging and
stored at -20˚C until meat quality testing. Six steaks from each loin were used for meat
quality testing; one for shear force, one for composition analysis, two for sensory, and
two were retained as extras. Live animal ear tag number, carcass number, loin number
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and steak number identification was used to link and identify individual animal to
individual steak at each stage of meat production.
Cooking procedures for sensory and WBSF analysis is described as follows.
Steaks were allowed to thaw for 24 hours at 4°C refrigeration in their vacuum packaging.
External fat, and muscles were removed leaving only the longissimus lumborum muscle.
Prior to being placed on the grill, an initial internal temperature was recorded for each
sample using a thermometer (IPX&- waterproof thermocouple; Cooper-Atkins; 352 Aqua
Tuff, Middlefield, CT). Then the steaks were placed on a clam shell grill (Griddler
Deluxe; Cuisinart; GR-150; East Windsor, NJ) at a grill surface temperature of 232°C
and cooked to a medium degree of doneness (internal temperature of 70°C).

Sensory
Steaks were cooked as described above. For sensory analysis steak sample
preparation followed guidelines discussed in American Meat Science Association (2015).
After cooking, steaks were allowed to rest for three minutes before being cut into one 2×2
cm and three 1×1 cm samples and placed in a plastic sample cup with a plastic lid.
Samples were placed on a warm clay brick (pre-heated in an oven at approximately
121°C) to maintain sample temperature during evaluation. Samples were evaluated under
red lighting. Distilled water and unsalted crackers were used as pallet cleansers between
each sample. Sensory evaluation was conducted at the USU Department of Nutrition,
Dietetics, and Food Science facilities by a trained flavor and texture descriptive panel
with 12 beef lexicon attributes on a 15-point numerical scale with 0.5 increments
(Adhikari et al. 2011). Panelists training used reference anchors outlined by the beef
flavor and texture lexicon describe in Adhikari (2011) to give a 1-15 numerical value of
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intensity to 12 beef sensory attributes, with 1 being slight, 7 the middle point, and 15
being strong (Table 2). Each panelist evaluated each sample of steak on the 12 sensory
characteristics.
Table 2. Sensory flavor panel 1-15-point numerical scale with 0.5 increments.
Sensory Aroma and Flavor References and Definitions
Reference associated with
Attribute
Definition
attribute
Beef flavor
Amount of beef flavor
Swanson's beef broth = 6.0
Identity*
80% lean ground beef = 7.0
Beef brisket = 11.0
Bloody/Serumy* Aromatics of blood on cooked
USDA choice strip steak =
meat products, closely related to 5.5
metallic aromatic.
Beef brisket = 6.0
Brown/roasted* Full aromatic generally
Beef suet = 8.5
associated with broiled beef suet 80% lean ground beef = 10.0
Fat-like*
Aromatics associated with
Hillshire farms lit'l beef
cooked animal fat
smokies = 7.0
Beef suet = 12.0
Liver-like
Aromatics associated with
Flat iron steak = 3.0
cooked organ meat/ liver
Beef liver = 13.0
Oxidation
Aromatics associated with aged beef suet = 2.0
oil and fat
Bitter*
Taste factor associated with
0.01% caffeine solution = 2.0
caffeine solution
0.02% caffeine solution = 3.5
Salty*
Taste factor associated with
0.15% sodium chloride
Sodium chloride solution
solution = 1.5
0.25% sodium chloride
solution = 3.5
Sour*
Taste factor associated with
0.015% citric acid solution =
citric acid solution
1.5
0.050% citric acid solution =
3.5
Umami*
Flat, salty, brothy; taste of
Swanson's beef broth = 4.5
glutamate, salts of amino acids
and nucleotides
Overall
Ease with which sample can be cut through with molars after 3-4
tenderness
chews
Overall
Amount of juice released during the first 3-4 chews or the
Juiciness
amount of moisture removed from the mouth during the first 3-4
chews (dryness)
* Major attributes: attributes present in 99% of beef samples evaluated by adhikari
et al., 2011 sensory panel
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Shear Force
Warner-Bratzler shear force was used to quantify tenderness using methods
outlined by the American Meat Science Association (2015). Steak preparation and
cooking was done following the methods outlined above. After cooking, steaks were
covered with plastic wrap on metal trays and allowed to rest 24 h at 4˚C in a refrigerator.
After the resting period, steaks were removed from the refrigerator and placed on the
table top and allowed to reach room temperature of approximately 23°C for a minimum
of one hour before being cored. Seven 1.27 cm core samples were taken from each steak
sample following the grain of the longitudinal muscle fibers to be sheared on a TMS-Pro
Texture Analyzer (FTC 500N ILC, Food Technology Corporation, Sterling, Virginia)
with a specific blade attachment for Warner-Bratzler shear force using 200 mm/min
crosshead speed and a 500 N load cell.

Color
Instrumental measurement of raw steak color used a colorimeter (MiniScan;
HunterLab; XE plus 45/0-S; Reston, VA) to determine meat color values based on Hunter
Lab values. The procedure outlined in American Meat Science Association Meat color
measurement guidelines (2012) was used as a reference to standardize the instrument
using black and white standardizing tiles and methods to conduct color measurement of
steak samples. Twenty-four hours after thawing at 4°C, steaks were removed from their
vacuum packaging and allowed to bloom for 20-30 minutes. Plastic wrap was used
during standardization and was placed on the surface of the raw steak sample so that a
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colorimeter can be placed on the surface of the steak at a 90° angle to get a reading for
the Hunter Lab values, L*, a*and b*. The scale for L* is from 0 (black) to 100 (white).
Positive a* represents red and a negative a* represents green, positive b* values represent
yellow and negative b* values represent blue. Hue angle was calculated using the
equation HA = [arctangent (b*/a*)] from American Meat Science Association Meat color
measurement guidelines (2012).

Steak Composition Analysis
Steak composition analysis was conducted at Texas Tech University facilities
following the AOAC approved official method outlined in Anderson et al. (2007)
employing a near infrared spectrophotometer (FoodScan, FOSS NIRsystems Inc., Laurel,
MD) to determine steak protein, fat, collagen, and moisture chemical percentages. Steaks
were thawed for 24 h at 4°C in vacuum packaging. Prior to testing, all external fat and
muscles were removed leaving only the Longissimus lumborum. The steak was then
ground using an electric table top meat grinder (Gander Mountain Heavy Duty 1/4 HP #5
electric meat grinder. Model no. MG-204182-13. Gander Outdoors (formerly Gander
Mountain, Inc.); St. Paul, MN) to obtain approximately a 180 g homogenized sample for
analysis. Care was taken to ensure the temperature was kept at 10-20°C and air pockets in
the sample were avoided to minimize the chance of inaccurate readings.

Statistical Analysis
This study utilized a completely randomized design. The individual calves (N = 34)
serve as the experimental unit in measuring calf feedlot performance, carcass traits, and
meat quality. Measurements of calf growth, carcass values, and meat quality all use
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individual calf or carcass as the experimental unit, and comparisons were made within
each individual time point to determine the effects of the treatment that was placed on the
dam. Analysis of feedlot performance, carcass measurements and meat quality used the
general linear mixed model procedure of SAS® version 9.4 (SAS Institute, Cary, NC).
Calf body weight was analyzed using the repeated measurement analysis of SAS®
version 9.4 (SAS Institute, Cary, NC). Animal sex, pen, and barn where the animal was
housed are each included as random variables in the model. All statistical comparisons
used a significance level of 0.05.
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RESULTS AND DISCUSSION
Finishing Feedlot Data

Body Weight and Average Daily Gain
Body weight did not differ at any 28-day time point (P ≥ 0.34; Table 3) between
maintenance calves and calves born to nutrient restricted cows. No difference existed
between the two groups for average daily gain at any 28-day time point (P ≥ 0.20).
Table 3. LS means of feedlot measurements of body weight and average
daily gain of calves from maintenance and restricted cows.
Feedlot Measurements
Treatment1
Maintenance
Restricted

Item

P-value2

BWT3 (kg)
Day 85
Day 112
Day 140
Day 169

384 ± 17.41
418 ± 19.71
464 ± 22.13
508 ± 26.04

372 ± 17.09
405 ± 19.41
448 ± 21.89
498 ± 25.86

0.48
0.45
0.34
0.57

Average Daily gain4 (kg)
Day 85-111
Day 112-139
Day 140-168
Day 169-186

1.29 ± 0.09
1.67 ± 0.18
0.56 ± 0.14
0.91 ± 0.59

1.19 ± 0.08
1.58 ± 0.17
0.58 ± 0.14
0.62 ± 0.56

0.33
0.61
0.49
0.20

Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n = 18)
Probability value of the F-test for treatment effect
3
Body weight in kg at 28-day time points
4
Average daily gain at 28-day time points= total weight gain in kg/ number of
days of time point
1
2

Weight Gain
When measuring weight gain over the period of the finishing feedlot phase (P <
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0.001; Figure 1) Calves from both groups increased in weight over time, without any
influence from treatment (P = 0.45) or the treatment*time interaction (P = 0.99). The
increase in calf weight is an agreement with numerous other observations of the feedlot
stage of beef production, where cattle eat high energy diets resulting in rapid growth

weight, kg

(Owens et al., 1995).
550
530
510
490
470
450
430
410
390
370
350

maint

rest

treatment: p = 0.45
time: p < 0.001
treatment*time: p = 0.99
85

112

140

169

days
Figure 1. Repeated measures for body weight of calve whose dams underwent
nutrient restricted during mid-gestation (n = 18) and calves whose did not experience
nutrient restriction (n = 16) over the finishing feedlot phase and the effect of treatment,
time, and treatment*time interaction based on the significance level 0.05.
There was no difference in body weight at day 85, 112, 140, or 169 (P > 0.05).
Underwood (2010) determined that steers whose dams grazed native range during
gestation were slightly lighter than their counterparts whose dams grazed on improved
pasture at various time points. It should be noted that the current study does have a small
sample size that may be influencing the statistical analysis; therefore, further
investigation into weight gain of calves whose cows underwent nutrient restriction during
mid-gestation using a larger sample size is warranted.
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Dry Matter Intake and Feed Efficiency
Feedlot measurements of total dry matter intake throughout the finishing feedlot
period (P ≥ 0.26; Table 4), daily dry matter intake (P ≥ 0.37) and feed efficiency (P ≥
0.43) were each similar between calves from maintenance or restricted dams.
Table 4. LS means of feedlot measurements of dry matter feed intake and
efficiency of calves from maintenance and restricted cows.
Feedlot Measurements
Treatment1

Item

P-value2

Maintenance

Restricted

Total DMI (kg)
Day 85-111
Day 112-139
Day 140-168
Day 169-186

296 ± 17.52
287 ± 8.97
360 ± 16.91
173 ± 10.76

289 ± 17.22
277 ± 8.57
363 ± 16.72
158 ± 10.28

0.63
0.37
0.82
0.26

Daily DMI4 (kg)
Day 85-111
Day 112-139
Day 140-168
Day 169-186

10.98 ± 0.65
10.65 ± 0.33
12.42 ± 0.58
10.83 ± 0.39

10.71 ± 0.64
10.25 ± 0.32
12.52 ± 0.58
10.49 ± 0.37

0.63
0.37
0.82
0.41

FE5 (kg)
Day 85-111
Day 112-139
Day 140-168
Day 169-186

0.12 ± 0.01
0.16 ± 0.02
0.13 ± 0.01
0.24 ± 0.06

0.11 ± 0.01
0.15 ± 0.01
0.14 ± 0.01
0.17 ± 0.06

0.60
0.70
0.50
0.43

3

Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n = 18)
Probability value of the F-test for treatment effect
3
Total dry matter intake in kg for the 28-day time points
4
Average daily dry matter intake in kg for the 28-day time points. Calculated
as DMTI/number of days of the time point
5
Feed efficiency in kg for the 28-day time points. Calculated as weight gain/
total feed intake (DM basis) for that time point
1
2

In the current study, results show no effect (P > 0.05) of nutrient restriction during
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mid-gestation on calf average daily gain, dry matter intake or feed efficiency. These
results agree with a study by Taylor (2016) who found that calves from nutrient restricted
dams had a lighter initial body weight and no difference in feedlot performance such as
average daily gain, dry matter intake or growth efficiency at any time point. The
backgrounding and early feedlot phase in Gardner et al. (2016) also found no difference
in calf feedlot performance of either nutrient restricted or maintenance groups. This study
reveals promising results and demonstrates that a loss of one BCS during mid-gestation
may not have adverse effects on calf finishing feedlot performance. However, further
investigation of calf weight during the finishing feedlot phase needs to be conducted.
Carcass Measurements
Carcass Characteristics
Carcass characteristics of calves born from both nutrient restricted dams and dams
that had no nutritional restriction during mid-gestation can be seen in Table 5. There was
no difference in carcass characteristics between the restricted group and the maintenance
group of calves in this study (P ≥ 0.18). There was a trend for restricted calves to have an
improved marbling to backfat ratio when compared to maintenance calves (P = 0.10). Hot
carcass weights of calves were similar between both the maintenance and restricted
groups (P = 0.15). No difference in %KPH fat (P = 0.49), ribeye area (P = 0.86), loin
weight (P = 0.38), or marbling score (P = 0.44) was identified between the maintenance
and restricted groups. There was no difference in USDA Yield grade (P = 0.16) or
adjusted 12th rib backfat (P = 0.18) between the two treatment groups.
Table 5. LS means of carcass measurements of calves from maintenance and
restricted cows.
Carcass Measurements
Treatment1

P-value2
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Hot carcass weight (kg)
Loin weight (kg)
Kidney, pelvic, and heart fat (%)
Ribeye area (cm2)
USDA Yield Grade
Adjusted 12th rib backfat (cm)
Marbling Score3

Maintenance
324.64 ± 9.33
5.56 ± 0.30
2.47 ± 0.30
73.86 ± 3.38
3.08 ± 0.24
7.78 ± 0.42
533.38 ± 25.18

Restricted
313.66 ± 9.23
5.29 ± 0.30
2.58 ± 0.30
73.48 ± 3.36
2.82 ± 0.23
7.10 ± 0.40
560.56 ± 23.74

0.15
0.38
0.49
0.86
0.16
0.18
0.44

Marbling to backfat Ratio4
-0.36 ± 0.34
0.34 ± 0.32
0.10
1
Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n = 18)
2
Probability value of the F-test for treatment effect
3
Marbling score = 9 levels of marbling category (devoid-abundant) with 100 degrees
of variation (0-99) within levels
4
Marbling to backfat ratio was determined using the calculations previously
described by Mohrhauser et al., 2015a. [(observation marbling score- marbling score
x̄)/marbling SD]- [(observation backfat- backfat x̄)/backfat SD]

Carcasses from both maintenance and restricted calves were assessed and given a USDA
quality and yield grade (Table 6). Both treatment groups had 3 carcasses each grade
USDA prime with both groups having a large amount of carcasses grade USDA choice
(maintenance = 13 and restricted = 14), and only one restricted carcass grading USDA
select. Maintenance carcasses had no USDA YG 1 and only a small amount of yield
grade 4 carcasses (6%). Restricted calf carcasses had one carcass with a YG 1 and no YG
4 demonstrating that this treatment group had the largest amount of carcasses in the ideal
range of YG 2 and 3. When comparing USDA quality and yield grades the majority of
carcasses graded Choice with a YG of 2 for both treatment groups demonstrating that
calves from cows who underwent a nutrient restriction during mid gestation can still
produce a high quality carcasses without jeopardizing yield.
Table 6. USDA carcass quality and yield grades of
calves from maintenance and restricted cows.
Carcass Measurements
Item
Treatment1
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USDA Quality grade
Prime
Choice
Select

Maintenance

Restricted

9%
38%
0%

9%
41%
3%

USDA Yield grade
YG 1
0%
3%
YG 2
24%
24%
YG 3
18%
26%
YG 4
6%
0%
1
Maintenance cows’ calves (n = 16), nutrient
restricted cows’ calves (n = 18)

These results are promising in that they demonstrate that if a cow undergoes
nutrient restriction during mid-gestation there is no deleterious effect to her offspring
carcass measurements. Studies conducted by Mohrhauser (2015a, b) and Long (2012)
who both restricted nutrition during mid-gestation also found no difference in HCW,
KPH, adjusted 12th rib backfat, and marbling score of offspring. Greenwood (2009) and
Underwood (2010) each found that offspring from nutrient restricted cows during mid to
late-gestation had a decrease in HCW, which was not seen in the present study.
Mohrhauser (2015a,b) found a lower USDA YG, while Long (2012) found an increase in
YG; inconclusively no change in YG was observed in the current study. Mohrhauser
(2015b) also found that offspring from nutrient restricted dams during mid-gestation had
an improved marbling to backfat ratio, which demonstrates a change in fat deposition that
could improve carcass values. However, in the current study only a trend toward a
difference in marbling to backfat ratio was observed. With restricted calves having more
marbling than backfat compared to maintenance animals who had more backfat than
marbling reveals that nutrient restriction during mid-gestation may not having negative
effects to offspring carcass characteristics.
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Meat Quality Measurements
Sensory
Sensory evaluation of calves born from both nutrient restricted dams and
maintenance dams are in Table 7. Steaks from nutrient restricted animals were perceived
as more tender to a trained sensory panel (P = 0.05) when compared to steaks from
maintenance calves. However, the likelihood of consumers detecting this difference in
tenderness is doubtful (Keady et al., 2017). There was a trend for steaks from nutrient
restricted cattle to have a greater bloody/serumy flavor (P = 0.08) which is an indication
of high-quality steaks described by Adhikari et al. (2011) as a major attribute found in
carcasses that have a high-quality grade. However further investigation into the ability for
untrained consumers to pick up this slight change in flavor characteristics of steaks from
nutrient restricted animals is still uncertain. When comparing steaks between the
maintenance and restricted groups, there was no difference in intensity of juiciness (P =
0.27), beef flavor identity (P = 0.35), brown/ roasted (P = 0.39), fat like (P = 0.97), liver
like (P = 0.39), oxidized (P = 0.50), sour (P = 0.97), bitter (P = 0.33), salty (P = 0.18),
and umami (P = 0.60).
Table 7. LS means of trained sensory flavor values of calves from maintenance
and restricted cows.
Meat Quality Measurements
Treatment1

Item

P-value2

Maintenance

Restricted

7.59 ± 0.12
3.19 ± 0.21

7.46 ± 0.12
3.59 ± 0.22

0.35
0.08

Brown/ Roasted

7.09 ± 0.20

6.86 ± 0.21

0.39

Fat Like

2.48 ± 0.11

2.48 ± 0.11

0.97

Liver Like

0.39 ± 0.07

0.30 ± 0.07

0.39

Sensory (15-point
Numerical scale)3
Beef ID
Blood/Serumy
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Oxidized

0.62 ± 0.13

0.51 ± 0.13

0.50

Sour

0.63 ± 0.07

0.63 ± 0.07

0.97

Bitter

0.54 ± 0.06

0.45 ± 0.07

0.33

Salty
1.23 ± 0.05
1.14 ± 0.05
0.18
Umami
3.15 ± 0.12
3.24 ± 0.13
0.60
Tenderness
9.12 ± 0.29
9.72 ± 0.30
0.05
Juiciness
8.43 ± 0.16
8.69 ± 0.17
0.27
1
Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n = 18)
2
Probability value of the F-test for treatment effect
3
Sensory values obtained using a trained panel, based on a 15-point numerical
scale outlined in Adhikari et al. (2011)
Shear Force and Composition Analysis
Warner-Bratzler Shear Force values and steak composition results are presented
in Table 8. Warner-Bratzler Shear Force values did not differ (P = 0.76) between
treatment groups. There was no difference in percent fat (P = 0.88), moisture (P = 0.84),
protein (P = 0.77), and collagen (P = 0.97) content of steaks from calves in each
treatment group.
Table 8. LS means of meat tenderness and composition values of calves
from maintenance and restricted cows.
Meat Quality Measurements
Item
WBSF (N)

Treatment1
Maintenance
30.93 ± 3.37

Restricted
30.03 ± 3.45

P-value2
0.76

Composition Analysis (%)
Fat (%)
7.26 ± 1.01
7.40 ± 1.02
0.88
Moisture (%)
69.34 ± 0.91
69.18 ± 0.92
0.84
Protein (%)
22.10 ± 0.27
22.01 ± 0.28
0.77
Collagen (%)
1.73 ± 0.05
1.73 ± 0.05
0.97
1
Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n = 18)
2

Probability value of the F-test for treatment effect
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Interestingly this study found that steaks from restricted calves were perceived as
more tender when assessed by a trained descriptive sensory panel (Table 7). However,
there was no difference in WBSF instrumental values of tenderness (Table 8). Typically,
when a steak is more tender it has a lower WBSF value which can be seen in the
literature demonstrated as a negative correlation between tenderness and WBSF value
(Chriki et al., 2012).
The amount of marbling could also explain why there was no difference in WBSF
values (Table 8). Emerson (2013) found that steaks with small amounts of marbling were
less tender than steaks that had modest and moderate amounts of marbling based on
WBSF values, however there was no difference in WBSF between modest and moderate
steaks. With the current study both the restricted and maintenance groups had a high
number of carcasses that graded modest and moderate which may account for no
difference in WBSF value. The WBSF findings in this study are consistent with findings
by Mohrhauser (2015b) which also found there was no difference in quantitative
tenderness of calves from dams that experienced either a negative or positive energy
status during mid-gestion. Mohrhauser (2015a) found no difference in steak WBSF
values at 2 and 14 days of aging, and that at 21 d of aging WBSF values were less for
steers whose dams underwent nutrient restriction during mid-gestation. The results by
Mohrhauser (2015a,b) reveal the possibility of nutrient restriction having an effect on
meat tenderness. The current study however did not find any difference in instrumental
measures of tenderness (Table 8) which may be due to the fact that our steaks were aged
for 14 days and the relatively small sample size.
No difference in composition analysis of steaks in the current study (Table 8) is
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consistent with findings by Mohrhauser (2015a) who also found no difference in percent
protein, fat, or moisture of steaks when comparing offspring from dams that had a midgestational nutrient restriction. However, Mohrhauser (2015a) did find a difference in
collagen content, with nutrient restricted cattle having a lower total collagen content then
their non-restricted counterparts, never the less the current study did not find a difference
in collagen content (Table 8). Which may be due to their treatment groups while our
treatment groups were either maintence or restricted Mohrhauser (2015a) treatment
groups were either a positive or negative engery status for the dam during mid-gestation,
arguing that their comparative group positive energy status may have been obese cows.
which Huang (2010) showed that obse cows had offspring with an increase in collagen
content, whereas our cows were not obese and could be the reason for the difference in
results.
Color
All measurements of Hunter Lab values are in Table 9. L* (P = 0.37), a* (P =
1.00), b* (P = 0.28) did not differ between restricted and maintenance calves. The
calculated hue angle (P = 0.23) was similar between both treatment groups. The results of
this study are in agreeance with a study conducted by Webb (2019) who also found that
nutrient restriction during mid-gestation had no effect on meat color. From a retail stand
point the visual appearance of steaks are important, with consumers wanting a bright
cherry red color in their steaks (Suman et al., 2014). In this study, we did not remove 3
carcasses that were labeled by USDA certified graders as dark cutters from analysis.
Removing dark cutters may change our results, however a study by Mohrhauser (2015b)
did remove 15 dark cutter carcasses from their analysis and they too also found no
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difference in color of steaks from calves whose dams were nutrient restricted during midgestation.
Table 9. LS means of meat color values of calves from maintenance and
restricted cows.
Meat Quality Measurements
Treatment1

Item
Hunter color values
L*
a*
b*
4

P-value2

Maintenance

Restricted

34.09 ± 0.99
10.22 ± 0.32

35.04 ± 1.03
10.22 ± 0.33

0.37
1.00

12.02 ± 0.38

12.57 ± 0.38

0.28

3

Hue Angle
0.86 ± 0.02
0.89 ± 0.02
0.23
1
Maintenance cows’ calves (n = 16), nutrient restricted cows’ calves (n =
18)
2
Probability value of the F-test for treatment effect
3
Color values based of off the Hunter Lab color values, found in AMSA
Meat color measurement guidelines et al. (2012).
4
Hue Angle value calculate using the equation outlined in AMSA Meat
color measurement guidelines et al. (2012)
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CONCLUSION

While cows underwent nutrient restriction during mid-gestation in this study,
which may already be occurring in regions such as the Intermountain West due to
fluctuations in climate, this did not have any negative effects to their calves finishing
feedlot performance, carcass characteristics, and meat quality. The current study did find
that steaks from calves whose dams underwent nutrient restriction during mid-gestation
had a perceived increase in tenderness when assessed by a trained sensory panel even
though WBSF values of instrumental tenderness were not different. The results of this
study have implications for producers, consumers and the meat industry as a whole
demonstrating that if a cow undergoes a restriction during mid-gestation will not
negatively impacting calf performance or jeopardizing meat quality and that the restricted
calves can still preform alongside their counterparts. This study demonstrates that cows
who undergo a maternal nutrient restriction during mid-gestation can still produce a
productive calf that yields a quality meat product.
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